Wide-band tuning ofaXeF (C_A ) excimer laser pumped with a longitudinal electron beam was demonstrated from 455 to 529 nm. The spectrallinewidth of the laser emission was -5 nm when a prism was used as a wavelength selecting element, and narrowed to -1 nm when the prism was replaced by a diffraction grating.
PACS numbers: 42.55. Hq, 42.60.By, 41.80.Dd The development of a broadly tunable excimer laser source by exploiting bound-free transitions of diatomic and triatomic rare-gas halides is of considerable interest in many applications, such as spectroscopy and laser-induced chemistry. Wavelength tuning of an excimer was first demonstrated with the Xe 2 laser centered at 172 nm.1 Spectral tuning ranges of 4 nm for an Ar2 laser 2 and -2 nm for ArF, KrF, XeCI, and XeF (Refs. 3 and 4) have been reported. Recently, laser action has been observed in XeF (C-A ) (Refs. 5-8), Xe 2 CI (Ref. 9), and Kr2F (Ref. 10) excimers, which are capable of broad wavelength tunability in the blue-green region of the spectrum. Broad spectral tuning was first demonstrated for a photolytically pumped XeF (C-A ) laser. I I This letter describes the characteristics of an electron-beampumped XeF (C-A ) laser which can be continuously tuned over a range of 74 nm from 455 to 529 nm with a minimum spectrallinewidth of I nm. The laser is excited longitudinally by the electron beam, and operates on an electronic transition involving a bound ionic excited C state and a repulsive A state on the long-wavelength side of the bound-weakly bound B-X transition at 351 and 353 nm. 12
The experimental apparatus shown in Fig. 1 consists of an electron beam generator, a laser cell, and diagnostic instrumentation for optical and electrical measurements. In this work we employ a longitudinal pump geometry rather than transverse 5 ,9 or radial electron beam excitation. 1,2 Electrons produced by the accelerator are magnetically guided into the laser cell. This permits efficient electron beam energy deposition in the rare-gas-halide mixtures and a much longer effective gain length which is needed in tuning experiments that involve inherently low-gain broadband excimers. \3 Insertion losses of the wavelength selective elements must not exceed the net gain of the excimer medium. The design of the laser cell is based on the "A. " geometry developed at Sandia Laboratories. 14 A simpler "head-on" configuration has been described in Ref. 15 . However, this design requires the electron beam to pass through one of the laser cavity reflectors. Electron beam pulses (10 kA, I MeV, 10 ns pulse width) from a Physics International Pulserad 110 accelerator are injected into the laser cell through a 50-,umthick titanium foil, which serves both as the anode of the .IPresent address: Physikalisches Institut, University ofWiirzburg, Federal
Republic of West Germany.
field-emission diode as well as the pressure barrier between the diode and the laser gas mixture. Magnetic confinement of the electron beam by three axial magnetic field coils is used to both guide the electrons, and minimize loss by beam spreading as it passes down the laser cell ( Fig. 1 ). The laser cell consists of a 5-cm-diam, I-m-Iong thin-walled (0.08 cm) stainless-steel tube with an active length of 80 cm. Several criteria determine the choice of dimensions, such as effective electron beam energy deposition at the highest operating pressure. Furthermore the magnetic field must penetrate the metallic cell wall in a time that is short compared with the magnetic pulse duration. Optimum triggering of the Marx generator relative to the magnetic field pulsed power supply is achieved using the adjustable delay of an HP model 214B pulse generator. The electron beam pump pulse is produced when the magnetic field of the main solenoid B, reaches its maximum of 6 kG with a delay of -1 ms, as shown in Fig.  2 (a). An electron beam turning coil is aligned in such a way that the beam is centered in the laser cell. A set of Helmholtz coils at the end of the cell deflects the remaining electrons from the laser optics. The electron beam profile was evaluated using diazochrome foils, and the electron energy coupled into the cell was measured with a graphite disk calorimeter. In the main magnetic field region of the tube, immediately following the bend, the beam energy was measured to be 10 J, with a spatial FWHM of 27 mm in 2 atm of argon buffer gas. In order to minimize insertion losses, intracelliaser mirrors and dispersive elements are employed, which can be conveniently aligned with metal bellows mounts. The output coupler was typically a concave reflector (r = 10 m, T = 5%). The dispersive optical element was either a Littrow prism reflector (R > 99%) made of a high-dispersion glass (Schott SF59) or a diffraction grating (600 lines/mm, R ~ 77% at 490 nm). The cell can also be fitted with Brewster windows, for use with external optics. Time-resolved fluorescence and laser signals were monitored with an ITT F-4000 S-5 vacuum photodiode and a Tektronix R7912 Transient Digitizer. Spectrally resolved signals were obtained with a PAR OMA-l optical multichannel analyzer. A wide-band interference filter centered at 500 nm and a Coming 3-73 color filter ensuredgood spectral rejection of the much stronger B __ X emission at 351 and 353 nm. All of the temporal and spectral data were stored and reduced with a DEC PDP 11/23 minicomputer system. Fluorescence measurements were used to determine the optimum gas composition, which was found to be 3-Torr NF 3 , 8-Torr Xe, and 2-atm Ar. Time-integrated fluorescence and laser spectra are shown in Fig. 3 for an untuned laser that used a concave mirror (r = 10 m and R ~ 99% at 490 nm) as an end reflector. The spectral bandwidth narrowed from 50 nm for fluorescence to 30 nm when lasing as depicted in Fig. 3(a) and 3(b) . The center wavelength of the stimulated emission also shifted about 15 nm owing to the spectral characteristics of the laser optics used. Atomic absorption features arising from xenon metastable transitions measured to be -30 kW /cm 2 • When the back mirror is replaced by a Littrow prism, the spectral bandwidth of the laser narrows to 5 nm [ Fig. 3(c) ]. The cavity was conveniently aligned and calibrated using ten different lines of an Ar+-ion laser tuned from 454.5 to 528.7 nm. XeF (C-A ) laser action is observed throughout this region, with the maximum output power (1 kW /cm 2 ) occurring at 488 nm. The power decreases by 10% at 455 and 529 nm. When the prism tuner is replaced by a diffraction grating, even narrower spectrallinewidths of 1-2 nm are observed [ Fig. 3(d) ]. Stimulated emission could now be tuned off the strong atomic absorption lines visible in Fig. 3(a)-(c) . The halogen donor NFl does not attack the grating, as originally feared. Broader linewidth and lower laser output powers resulted when using the grating external to the laser cell.
Competition between the XeF (B_X) and XeF (C-A ) emission is considerably more severe for longitudinal pumping than with transverse electron excitation. Amplified spontaneous emission occurs on the B-X transition corresponding to two vibrational ground-state states at 351 and 353 nm. The temporal behavior of the XeF (B-X) pulses is shown in Fig. 2(b) . Two pulses of 3-ns duration occur immediately after the e-beam excitation pulse. Owing to the favorable Franck-Condon factor, lasing is expected to begin at
with subsequent shifting to the 352-nm transition (v' = ~v" = 3). 16 The XeF (C-..A ) laser pulse occurs with a typical delay of 30 nSf The temporal width of the laser pulse appears to vary considerably from as long as 80 ns to as short as io ns, depending on the optical resonator geometry.
In summary, we have demonstrated broadband tuning and spectral narrowing for the XeF (C-..A ) laser in the range from 455 to 529 nm. Either a prism or a grating could be used as the dispersive element. To improve the output power of this laser, it will be necessary to suppress the strong XeF (B-..X) transition. This can be achieved by going to higher Ar buffer gas pressures. Since I-MeV electrons do not have sufficient range to penetrate more than about 2 atm of argon for a distance of 1 m, a shorter cell geometry will be required for higher pressure studies. Construction of a 30-cm head-on cell is in progress. The cell will employ dielectrically coated Cervit or sapphire plates (0.3 mm thick). These mirrors have been shown to be able to withstand the electron beam for more than 25 shots and are transparent to the electron beam pulse.
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